Abstract Based on prior reports that the HIV-1 Tat protein modulates amyloid-beta (Aβ) metabolism, this study aimed to compare CSF neural injury biomarkers between 27 patients with HIV subtype B, 26 patients with HIV subtype C, 18 healthy HIV-negative controls, and 24 patients with Alzheimer's disease (AD). Immunoassays were used to measure soluble amyloid precursor protein α and β (sAPPα, sAPPβ), Aβ oligomers 38, 40, 42, and Aβ-total; phosphorylated tau (P-tau 181 ), and total tau (T-tau). Comparisons between HIV(+) and HIV(−) (including AD) were adjusted by linear regression for gender and age; HIV subtype comparisons were adjusted for nadir CD4 and plasma viral load suppression. The p values were corrected for multiple testing with the Benjamini-Hochberg procedure. CSF Aβ-42 and Hulstaert (P-tau 181 ) index were lower in HIV1-C than B (p = 0.03, and 0.049 respectively); subtypes did not differ on other CSF biomarkers or ratios. Compared to AD, HIV(+) had lower CSF levels of T-tau, P-tau 181 (p < 0.001), and sAPPα (p = 0.041); HIV(+) had higher CSF Aβ-42 (p = 0.002) and higher CSF indexes: [Aß-42/(240 + 1.18 T-tau)], P-tau 181 /Aβ-42, T-tau/Aβ-42, P-tau 181 /T-tau, sAPPα/β (all p ≤ 0.01) than AD. Compared to HIV(−), HIV(+) had lower CSF Aβ-42, and T-tau (all p ≤ 0.004). As conclusion, amyloid metabolism was influenced by HIV infection in a subtype-dependent manner. Aß-42 levels were lower in HIV1-C than B, suggesting that there may be greater deposition of Aß-42 in HIV1-C. These findings are supported by CSF Hulstaert (P-tau 181 ) index. Differences between HIV and AD in the patterns of Aß and Tau biomarkers suggest that CNS HIV infection and AD may not share some of same mechanisms of neuronal injury.
The interactions between HIV and aging are an increasingly important topic. Since the introduction of highly active antiretroviral therapy (HAART), patients with HIV (HIV+) have been living longer with an improved quality of life and decreased HIV-related illnesses (Burgoyne and Tan 2008; Raboni et al. 2017) . However, HIV and aging-related challenges have emerged and are a clinical, health care, and research priority. Chronic HIV infection results in a 4.9-year increase in biological age due to epigenetic targeting of HLA (Gross et al. 2016) .
Aging increases amyloid-beta (Aβ) accumulation and neurocognitive impairment (High et al. 2012) ; amyloid deposition has been described in the brains of relatively young patients with HIV infection (Achim et al. 2009; Mothapo et al. 2015) . Several studies have noted marked increases in diffuse amyloid plaques and intraneuronal amyloid deposition in HIV(+) individuals compared to HIV(−) age-matched controls (Esiri et al. 1998; Green et al. 2005; Rempel and Pulliam 2005; Achim et al. 2009 ).
HIV1-infected cells actively secrete the viral protein transactivator of transcription (Tat) (Ensoli et al. 1993) . Tat was found in the brains of patients with HIV1 infection, and Aβ staining was significantly increased in human brain from individuals with HIV1 infection compared to controls (Green et al. 2005; Achim et al. 2009 ). Tat inhibits neprilysin (NEP), which degrades brain Aβ deposits; the higher inhibitory activity of NEP depends on the BCC^dimotif (Rempel and Pulliam 2005; Daily et al. 2006) . Tat in patients with HIV1-subtype C (HIV1-C) has defective chemokine activity (Satishchandra et al. 2000; Ranga et al. 2004) due to replacement of the CC motif with serine, CS, or SC (Ranga et al. 2004 ). There are no existing reports on how HIV1-C Tat interferes with NEP.
The study of aging and neuronal injury proteins will add substantial information to help determine the pathogenesis of HIV neurocognitive disorders. Over a prolonged period of time, HIV-1-induced accumulation of Aβ may lower the threshold for dementia by contributing to the Aβ load (Rempel and Pulliam 2005) . The profile of neural injury biomarkers related with amyloid metabolism is not well defined in HIV-infected participants. The majority of the previous studies are on HIV-1 subtype B (Brew et al. 2005; Nath and Hersh 2005; Gisslén et al. 2009; Peterson et al. 2013; Krut et al. 2013; Krut et al. 2014 ); these biomarkers were not studied up to now on HIV-1 non B subtypes.
The authors hypothesized that HIV(+) patients would have lower CSF Aβ levels compared with HIV(−) subjects, with the lowest levels in patients with Alzheimer's disease (AD) and highest levels in HIV(−) healthy controls, and that CSF Aβ levels would be lower in HIV1-B patients than HIV1-C patients because HIV1-B Tat inhibits NEP.
The aim of this study was to compare the CSF levels of biomarkers of Aβ metabolism [Aβ oligomers 38, 40, and 42 and soluble amyloid precursor protein (APP) α (sAPPα) and β (sAPPβ)], neurodegeneration [total tau (T-tau)], and neuronal tangle pathology [tau phosphorylated at threonine 181 (Ptau 181 )] between HIV1-B and HIV1-C patients, healthy HIV(−) controls, and patients with AD.
Methods
This study, which was a cross-sectional survey of stored CSF samples, was approved by the University of California-San Diego (UCSD, San Diego, CA, USA) Institutional Review Board (IRB), Hospital de Clínicas-Universidade Federal do Paraná (HC-UFPR, Curitiba, Paraná, Brazil) IRB, and the National Commission of Ethics in Research (CONEP).
Subjects
All participants signed consent forms approved by the IRBs in the USA and Brazil. For patients with AD, the responsible caregiver signed the consent form. Samples of the CSF and serum were collected under a NIMH-funded protocol (R21 MH076651-01). These methods and the demographic and infection characteristics of the HIV(+) patients were described previously (de Almeida et al. 2013; de Almeida et al. 2016) . A total of 110 CSF samples were analyzed. The demographic characteristics, HIV status, and coinfections, if any, are summarized in Table 1 for HIV(+) (n = 68), HIV(−) (n = 18), and AD (n = 24) patients.
HIV(+) participants
The HIV(+) participants, n = 68, were recruited at the HC-UFPR. Individuals with opportunistic CNS infections were excluded. All volunteers provided blood and CSF samples and underwent serological testing to confirm HIV status before enrollment in accordance with previously published guidelines (Brasil, Ministério da Saúde 2015) . For participants with clinically resistant infection, the infecting HIV strain was genotyped with pol sequences, while env sequences were used for all other participants. Genotyping indicated that 27 individuals were infected with HIV1-B, and 40 were infected with non-B HIV-1 subtypes (C, n = 26; BF, 10; BC, 1; CF, 1; and F, 2). In one participant, the HIV-1 subtype could not be genotyped. HIV subtype B-and C-infected individuals were similar in age, gender, and education. CSF samples of HIV subtype B-and C-infected individuals were similar in total protein, WBC, and number of cases with pleocitosis (WBC > 5 cell/mm 3 ), albumin, QAlb, CSF HIV RNA Log10, and Log CSF HIV RNA < 1.7.
HIV(−) controls
Because Brazilian institutional review boards do not permit lumbar puncture in HIV uninfected volunteers, we recruited a control group of 18 age-matched HIV(−) individuals at the HIV Neurobehavioral Research Center, University of California San Diego (HNRC-UCSD). They had no neurological comorbidities or cognitive complaints and were tested negative on serological tests for hepatitis C and syphilis. The CSF cytochemical criteria for inclusion in the control group was white blood cell (WBC) count ≤ 5 cells/mm 3 , total protein ≤ 45 mg/dL, and glucose ≥ 55 mg/dL.
AD participants
Twenty-four patients with AD were diagnosed by the Dementia Investigative team from the Cognitive Dysfunction Outclinic (Neurology Unit, HC-UFPR). They underwent detailed anamnesis and clinical examinations and routine blood analyses to rule out treatable causes of the dementia. All patients with AD had negative serum and/or CSF tests for HIV, Hepatitis C, and VDRL. CSF biomarkers are not considered for AD clinical diagnoses.
All AD participants met the dementia criteria of the DSM-V (American Psychiatric Association 2013) and criteria for probable AD of the National Institute on Aging-Alzheimer's Association (McKhann et al. 2011) .
The scales used in the AD group were Brazilian P o r t u gu e s e v e r s i o n s o f t h e M i n i-M e n t a l S t a t e Examination (Brucki et al. 2003) , Montreal Cognitive Assessment (Memória et al. 2013) , Geriatric Depression scale (Almeida and Almeida 1999) , and Functional Activities Questionnaire (Pfeffer et al. 1982) . The dementia severity was assessed by the Brazilian version of the Clinical Dementia Rating (CDR) (Bertolucci et al. 1998) .
The AD participants had probable AD, moderate dementia, and CDR median [Interquartile Range (IQR)]; 2 (2, 2.5), severely decreased daily activity, and no Tables 1 and 2 .
Laboratory methods

CSF biomarkers
Neuronal injury biomarkers were measured in the CSF with immunoassays. T-tau, Aβ (isoforms 38, 40, and 42), sAPPα, and sAPPβ were assayed by electrochemiluminescence (MULTI-ARRAY, Meso Scale Diagnostics, LLC, Rockville, MD, USA). P-tau 181 (Thermo Fisher Scientific Inc., Waltham, MA, USA) was assayed by multiplex bead assays (FlexMAP 3D®, Luminex Corporation, Austin, TX, USA). All samples were assayed concurrently in duplicate according to the manufacturers' instructions. The acceptable coefficient of variation between duplicates was less than 20%. When the results were under the minimum low detection limit determined by the manufacturers, the low-detection-limit value was considered in the statistical analysis.
To enhance the specificity of the neuronal injury biomarkers, combinations of these biomarkers in ratios and indexes were calculated as a single value (Blennow and Vanmechelen 1998) , as previously described for AD: Aβ-total = Aβ-38 + Aβ-40 + Aβ-42, Aβ-42/Aβ-total, Aβ-42/ Aβ-40, and Aβ-42/Aβ-38 (Anoop et al. 2010 ); P-tau 181 /Aβ-42, T-tau/Aβ-42, P-tau 181 /T-tau, and sAPPα/sAPPβ; Hulstaert (T-tau) index = Aß-42/(240 + 1.18 T-tau) (Hulstaert et al. 1999) ; and Hulstaert (P-tau 181 ) index = Aß-42/(240 + 1.18P-tau 181 ) (Molinuevo et al. 2013) .
Specimen collection and storage
CSF was collected with lumbar punctures performed with atraumatic spinal needles under aseptic conditions by a trained neurologist. The samples were collected in polypropylene tubes to avoid adherence of the proteins to the tube walls, which is particularly important for Aβ, a sticky protein and centrifuged immediately after the lumbar puncture to separate cells and debris and avoid false increases in T-tau and P-tau 181 . CSF total protein, glucose, and WBC counts were measured with standard laboratory methods. All HIV(+) and AD samples were collected at the same time interval of the day to limit diurnal variability. CSF and serum aliquots were frozen and stored at − 80°C at HC-UFPR, Brazil.
Data analyses
Demographic variables (age, sex, and education) were compared between all groups with pairwise Student's t tests for continuous variables and Fisher's exact test for binary and categorical variables. Demographic and HIV disease characteristics were compared between HIV1-B and HIV1-C individuals with similar methods. Values were log 10 -transformed prior to the statistical analyses if their distributions were not approximately normal.
First, a hierarchy of comparisons was performed with the AD versus HIV(+) groups as the primary comparison, HIV(−) versus AD groups as the secondary comparisons, and HIV(−) versus HIV(+) groups as the exploratory comparison, without adjustment for multiple comparisons. Age and gender were included as covariates in multivariable linear regression models if they had p values < 0.2 in the adjusted model. If the age effect was significantly nonlinear, a smooth age effect was used within a generalized additive model (Wood 2006) . The p values within each class of biomarkers (CSF, ratio, and index) were then corrected for multiple testing with the Benjamini-Hochberg (BH) procedure.
Second, the CSF biomarkers, biomarker indexes, and biomarker CSF/serum ratios were compared between the HIV1-B and HIV1-C groups. A multivariable model was applied to control for plasma HIV viral load (VL) suppression and nadir CD4 counts. As described above, the p values for the biomarker effects were corrected for multiple testing.
The results were considered statistically significant at the 5% alpha level. The differences between groups are presented as Cohen's d (and 95% CI). The statistical analyses were performed with R (version 3.2.3, R Foundation for Statistical Computing).
Results
HIV1-B and HIV1-C patients
Neuronal injury biomarker levels in the CSF by HIV-1 subtype are shown in Table 3 . CSF Aß-42 levels were decreased in HIV1-C patients compared with HIV1-B patients after adjusting for plasma VL suppression and CD4 nadir count (p = 0.033; after BH correction for multiple comparisons, p = 0.30; Fig. 1a ).
The Hulstaert (P-tau 181 ) index was higher in HIV1-B patients than in HIV1-C patients, after adjusting for plasma VL suppression and CD4 nadir (p = 0.049; after BH multiple comparisons correction, p = 0.41; Fig. 1b) . No differences between HIV-1 patient subtypes were found for the other ratios and indexes (Table 3 ). Table 4 lists the CSF biomarkers in HIV(+), HIV(−), and AD patients. In HIV+ patients, CSF Aβ-42 levels were increased compared with AD patients (p = 0.002) and decreased compared with HIV(−) patients (p = 0.004; Fig. 3a) , while CSF sAPPα and P-tau 181 levels were decreased compared with AD patients (p = 0.041 and < 0.001, respectively) and did not reach significance compared with HIV(−) patients (Fig. 3b, d ). T-tau levels were decreased in HIV(+) patients compared with AD patients (p < 0.001) and HIV(−) patients (p < 0.002; Fig. 3c ).
HIV(+), HIV(−), and AD patients
AD and HIV(−) patients
CSF Aβ-42 levels were decreased in AD patients compared with HIV(−) patients (unadjusted for gender and age but corrected for multiple testing with BH, p < 0.001; after adjusting for gender and age and BH multiple comparisons correction, p = 0.65). CSF P-tau 181 and T-tau levels were increased in AD patients compared with HIV negative patients (p = 0.001 and < 0.001, respectively). CSF Aβ-38, Aβ-40, Aβ-total, sAPPα, and sAPPβ did not differ between AD and HIV(−) patients (Table 4 and Fig. 3) .
Across all participants, the levels of Aβ-40 were higher than the levels of the other isoforms, which is the normal pattern of expression. Pairwise comparisons of the ratios and indexes are shown in Table 4 .
Discussion
This study aimed to compare Aβ isoforms and related biomarkers of the amyloid pathway between patients with HIV1-B and C. This is the first study to analyze neuronal injury biomarkers in patients with HIV1 non-B subtypes.
Aß-42 levels were decreased in HIV1-C patients compared with HIV1-B patients after adjusting for blood VL suppression and CD4 nadir count. These results were corroborated by similar results for the Hulstaert (P-tau 181 ) index. Combining biomarkers in ratios or indexes enhance their specificity (Blennow and Vanmechelen 1998) . These findings were consistent with increased tissue deposition of Aβ-42 or decreased synthesis of Aβ-42 in HIV-1C patients compared with HIV1-B patients. However, against the second possibility the sAPPα and sAPPβ levels did not differ between HIV1-B and HIV1-C patients. These results were no longer significant after BH corrections for multiple testing. Decreased levels of CSF Aß-42 in HIV1-C patients do not support the initial hypothesis that, in HIV1-C, Tat would not inhibit NEP, thus preventing Aß-42 brain deposition and resulting in higher CSF Aß-42 levels. In vitro Tat inhibits NEP activity by 80%, which causes Aβ accumulation (Rempel and Pulliam 2005) . Additional studies on NEP and its activity in HIV1-C are needed.
The results of previous studies of neuronal injury biomarkers, especially Aβ-42, T-tau, and P-tau 181 , vary. The current results showed that HIV, independently of subtype, affected amyloid metabolism differently than it does in AD. Although, similar to findings in AD, Aβ-42 was the main Aβ isoform that was probably deposited in the brains of HIV patients. Compared to AD patients, HIV(+) patients had increased CSF Aβ-42 levels and Hulstaert (T-tau), Hulstaert (P-tau 181 ), and P-tau 181 /T-tau indexes and decreased CSF T-tau, P-tau 181 , and sAPPα levels and P-tau 181 /Aβ-42, Ttau/Aβ-42, and sAPPα/β indexes.
In HIV(+) patients in this study, Aβ-42 was decreased compared with HIV(−) patients and increased compared with AD patients, which was similar to previous results (Brew et al. 2005; Gisslén et al. 2009; Clifford et al. 2009; Krut et al. 2013; Cysique et al. 2015) . However, another study found the opposite: increased CSF Aβ-42 in early HIV infection compared with HIV(−) controls (Peluso et al. 2013) , while other studies found no differences in CSF Aβ-42 in HIV(+) individuals The results of studies of CSF T-tau and P-tau 181 in HIV have been more inconsistent. In the current study, CSF T-tau levels were decreased in HIV(+) patients compared with HIV(−) controls, which was similar to previous results (Clifford et al. 2009; Peterson et al. 2014; Cysique et al. 2015) . This can be explained by the deposit in brain of tau protein or may be related to the predominating subcortical pathology of HIV-associated neurognitive disorder (HAND) (Navia et al. 1986 ), since tau is expressed most prominently in non-myelinated cortical axons (Trojanowski et al. 1989 ). An AD-like pattern of increased CSF T-tau and P-tau 181 has been described (Brew et al. 2005) , while normal T-tau and P-tau 181 levels have been also reported (Gisslén et al. 2009 ), increased P-tau 181 in HAND (Brew et al. 2005; Andersson et al. 1999) , while others did not confirm these results (Clifford et al. 2009; Ellis et al. 1998; Green et al. 2000) . In this study, P-tau 181 did not differ between HIV(+) and HIV(−) controls. The observations of normal levels of P-tau 181 HIV(+) subjects are also consistent with the lack of neurofibrillary tangles in HAND, one of the neuropathological hallmarks of AD (Anthony et al. 2006) . Thus, although increased tau deposition has been reported in HIV patients, neuronal tangles are uncommon (Stanley et al. 1994; Anthony et al. 2005) . This difference further suggests that HAND and AD have different major mechanisms of neuronal injury.
CSF sAPPα and sAPPβ sAPPα and sAPPβ are both shed from the cell membrane and diffuse into the CSF. Few HIV studies have examined CSF sAPPα or sAPPβ. In this study, sAPPα and sAPPβ levels were similar to previous reports: decreased sAPPα compared with AD patients but no difference with HIV(−) patients (Green et al. 2005; Krut et al. 2013) , while sAPPβ did not differ between groups. The mechanisms underlying reduced CSF sAPP in HIV are uncertain (Gisslén et al. 2009 ) but may relate to brain APP deposition in HIV encephalitis (HIVE) (Nebuloni et al. 2001) . CSF sAPPα and sAPPβ levels were decreased in patients with CNS HIV infection; mostly, the latter (Gisslén et al. 2009; Steinbrink et al. 2013) , sAPPα and sAPPβ were decreased in CNS bacterial infections and HSV-1 encephalitis, suggesting a role of neuroinflammation in amyloid metabolism (Krut et al. 2013) . APP accumulation has been observed in the brain of AIDS patients (Giometto et al. 1997) .
Our group described a patient with HIVE who exhibited decreased CSF sAPPα levels compared with the control group (de , which corroborated the observations of APP axonal accumulation in HIVE (Nebuloni et al. 2001) and the Simian Immunodeficiency Virus encephalitis model (Mankowski et al. 2002) , and could explain the low CSF 140+140.8 levels of this biomarker on the present study. The HIV viral coat protein Gp120 causes APPβ accumulation in adult rats, resulting in axonal injury . Low CSF Aβ levels resulting from the altered APP metabolism would either decrease sAPPs and Aβ production from APP due to decreased α and β-secretase activity or unspecific proteolysis. Other possible factors could be intracellular APP metabolite deposition in the CNS or increased clearance and elimination of amyloid metabolites during acute inflammation in the CNS (Krut et al. 2013) .
Aβ CNS concentration is regulated by the rate of production from APP, brain influx across the blood-brain barrier (BBB), mainly through the advanced glycation end product (RAGE) receptor (Deane et al. 2009 ), rapid clearance across the BBB by transcytosis by the low-density lipoprotein receptor-related protein-1 (LRP1) (Deane et al. 2009 ), and enzymatic degradation within brain parenchyma mainly by NEP and the insulin-degrading enzyme (IDE) to prevent deleterious Aβ-42 neuronal aggregation (Selkoe 2001; Madani et al. 2006) . However, the degradation of free Aβ in brain interstitial fluid has been reported to be insignificant (Shibata et al. 2000) .
HIV-1-infected patients
Both animal and human studies suggest that HIV alters amyloid metabolism (Green et al. 2005; Rempel and Pulliam 2005; Aksenov et al. 2010) . Previous autopsy studies of HIV(+) individuals have demonstrated an increase in diffuse extracellular amyloid plaques before and after HAART (Rempel and Pulliam 2005; Anthony et al. 2010) . Achim et al. (2009) reported abundant Aβ immunostaining in pyramidal neurons and along axonal tracts in HIV-infected brain. Intraneuronal Aβ immunoreactivity was increased in HIVE patients compared with HIV(+) patients without encephalitis. HIV-1 markedly increased the endogenous Aβ levels and accumulation of exogenous Aβ in an HIV-1 exposure model of brain microvascular endothelial cells (András et al. 2010) .
Aβ deposition differs in AD and HIV-1 brains. While extracellular amyloid plaques are the major amyloid pathology in AD, intraneuronal amyloid accumulation or diffuse perivascular amyloid depositions are more characteristic for HAND (Xu and Ikezu 2009) . The mechanisms underlying the interactions between Aβ and HIV-1 infection are not fully understood but several factors and/or pathways are likely to be involved. It has been hypothesized that aging, HIV-1 infection, and the secondary effects of ART may all contribute to brain Aβ accumulation in neurons and in perivascular space (Green et al. 2005) .
HIV disrupts several steps in the amyloid cascade from Aβ biogenesis to clearance (Xu and Ikezu 2009; Pulliam 2009; András and Toborek 2013) . Several HIV proteins are amyloidogenic, such as gp120 (Aksenov et al. 2010; Haughey et al. 2010; Zhang et al. 2011) , gp41 (Mankowski et al. 2002) , Tat (Seeger et al. 1997; Apcher et al. 2003; Rempel and Pulliam 2005; Daily et al. 2006 ; Aksenov et al. Fig. 3 CSF neuronal injury biomarkers, all p values are after adjusting for multiple testing with the Benjamini-Hochberg (BH) method. a Aß-42, AD, and CTRL unadjusted analysis for age and gender with corrections for multiple testing with BH: p < 0.001; after adjusted for age and gender and corrections for multiple testing with BH, the difference was not significant p = 0.65. b sAPPα. c T-tau. d P-tau 181 ; in HIV(+), Alzheimer disease (AD), and HIV(−) (CTRL) groups. Comparisons HIV(+) and AD, AD and CTRL were adjusted for gender or age and BH method 2010; Lan et al. 2011), and Nef (White et al. 2005) . Mononuclear phagocytes, which are macrophages and microglia, that are infected by HIV play a pivotal role in Aβ degradation through the expression and execution of two endopeptidases, NEP and IDE (Lan et al. 2011 ). Multiple studies have described the amyloidogenic interference of ART (Tran et al. 2003; Hamel et al. 2006; Hamel 2007; Lan et al. 2012; Brown et al. 2014) .
Tat, which is the main HIV amyloidogenic protein, interferes with Aβ degradation (chiefly NEP) and amyloid peptide reuptake and clearance. HIV-1 Tat protein application increases Aβ levels in cell culture (Rempel and Pulliam 2005) . In addition, HIV-1 Tat, specifically HIV-B, increases Aβ-40 levels in neuronal cell cultures by inhibiting NEP (Rempel and Pulliam 2005; Daily et al. 2006; Aksenov et al. 2010; Lan et al. 2011) .
In vitro, NEP inhibition requires Tat's cysteine-rich domain, amino acids 22-37 (Daily et al., 2006) . Although this domain has been described as highly conserved among different HIV-1 strains, the cysteine residue in position 31 is mutated to a serine in HIV1-C (Ranga et al. 2004) . It is unclear how Tat affects HIV1-C.
HIV-1 Tat B and gp120 promote Aβ-42 release and accumulation in primary rat fetal hippocampal cell cultures, while non-neurotoxic variants of HIV-1 Tat (Cys22 Tat 1-86 B [cys22 → gly22 substitution] and Tat 1-101 C) do not promote Aβ-42 production in hippocampal cell cultures or cytotoxicity (Aksenov et al. 2010) .
Tat interference on Aß-42 clearance
Tat binds to LRP, which is involved in amyloid peptide reuptake and clearance, reduces Aβ42 clearance (András and Toborek 2013; Giunta et al. 2009) , and attaches to endothelial cell RAGE, increasing blood-brain influx (Xu and Ikezu 2009; András and Toborek 2013) . These results suggest that HIV-1 directly contributes to Aβ accumulation at the BBB level (András et al. 2010 ). In addition, Tat inhibits microglial Aβ phagocytosis (Giunta et al. 2008) .
Tat interacts with APP both in vitro and in vivo and increases Aβ-42 levels by recruiting APP into lipid rafts, a site of increased β-and γ-secretase activity. Furthermore, Tat enhances APP cleavage by β-secretase, resulting in higher levels of Aβ-42. These results were consistent with increased β-Cterminal fragment (β-CTF) levels and decreased α-CTF levels and suggest that HIV-1 Tat contributes to HAND by interacting with and modifying APP processing and thereby increasing Aβ production (Kim et al. 2013 ).
Comparing the results in different studies is very difficult and may reflect heterogeneity in HAND severity, HIV disease duration, patient age, diagnostic criteria, and/or treatment status. Several preanalytical variables can interfere with the results. In particular, Aβ-42 levels are affected by the time of sample collection (Bateman et al. 2007) , the type of tube used to collect and store the CSF, and number of thawing and rethawing times. Care was taken to avoid these errors in this study. The lack of standardized cutoff values, even for AD, and the need for more investigation of these biomarkers hamper the widespread application of CSF biomarkers in clinical setting (Molinuevo et al. 2013; Hort et al. 2010 ) and analysis of the research results. Age-corrected norms have not been defined for sAPPα and β and Aβ isoforms (Peterson et al. 2014) . In addition; the analytical platform used for the CSF analysis complicates the comparisons of results because values obtained in one laboratory may differ from those obtained in another laboratory. Even when the same assay is used, considerable variability in the absolute concentrations of AD biomarkers occurs due to preanalytical and analytical factors (Mattsson et al. 2011) . Thus, the conflicting CSF Aβ-42 results in HIV(+) individuals might reflect the relatively small number of samples used in the analysis. The inconsistency of the T-tau increases and the apparent limited sensitivity of T-tau for detecting this type of injury might also explain conflicting results (Gisslén et al. 2009 ).
Besides the inconsistent characteristics of the biomarkers studied, the present study had some limitations. The study was limited by its cross-sectional design. A longitudinal study of these markers might be able to predict the development of HAND in patients without clear symptoms. This study did not include a substantial number of older HIV(+) patients who are most vulnerable to AD. Finally, we did not assess HIV(+) patients with known AD, although we are not aware of reports of patients with this combination of conditions. The HIV(−) group was younger than the AD group as this group was age-and gender-matched with the HIV(+) group, and it was not from Brazil but from the USA. Future longitudinal studies that include older HIV(+) individuals are necessary for investigating the effects of HIV on the Aβ pathway.
This study had several strengths, this was the first study to examine HIV1-C patients and investigate HIV subtypes effects. Most previous studies of these biomarkers in HIV examined HIV1-B patients or do not describe HIV-1 subtype. HIV(+) and AD patients were from the same center and were analyzed at the same period of time. Both healthy and disease controls were used. Neuronal injury biomarkers indexes or rates were described for AD, in order to enhance discrimination power (Hulstaert et al. 1999; Molinuevo et al. 2013 ). Most of these ratios and indexes were first calculated on HIV(+) participants on this study, expanding future studies and clinical relevance. Future studies are necessary to establish the operational characteristics of these indexes on HIV(+) participants.
The differences in Tat in HIV-1 subtype B and C may be the causative factor for the differences observed; however other factors could be implied as other HIV proteins, as gp120, or antiretroviral medications. More studies need to be done to elucidate the impact of HIV and the influence of subtypes on amyloid metabolism. The comparisons of these markers provide very useful information that will lead to expanded studies on neuropathology associated with different HIV subtypes, especially in the aging population.
In conclusion, the results of this study have shown that HIV infection affects amyloid metabolism in a subtype-dependent pattern HIV subtypes B and C differed. Aß-42 levels were decreased in HIV1-C compared with HIV1-B, suggesting that Aß-42 might accumulate more in HIV1-C. These findings were supported by the Hulstaert (P-tau 181 ) index. These findings support the concept that HIV CNS infection and AD may not share some of the same mechanisms of neuronal injury.
